Lippia lacunosa e L. rotundifolia são duas espécies brasileiras que formam um complexo de difícil delimitação taxonômica. A composição química do óleo essencial das folhas e flores dessas plantas foi investigada por cromatografia com fase gasosa (CG) e por cromatografia com fase gasosa acoplada à espectrometria de massas (CG-EM). Principais constituintes dos óleos essenciais de L. lacunosa (flores e folhas): mirceno (14,7% e 11,9%), mircenona (45,2% e 64,2%), Z-ocimenona (5,7% e 5,2%), e E-ocimenona (14,7% e 4,1%), respectivamente; L. rotundifolia (flores e folhas):
Introduction
The genus Lippia (Verbenaceae) comprises about 200 species occurring mainly in Central and South America, as also in some areas of Tropical Africa. 1 One of the main diversity centers of the genus Lippia is located at the "Cadeia do Espinhaço" Mountains, in the State of Minas Gerais, Brazil. 2 There are some taxonomical controversies on the number of Lippia species. Moldenke 3 compared the descriptions given by various authors to this genus, and presumably all the authors Vol. 19, No. 7, 2008 included Acantholippia, Aloysia and Phyla in their concept of Lippia. 3, 4 Some species, like L. alba and L. graveolens are largely used in folk medicine and culinary. 1 As part of our continuing study on Lippia species occurring in Brazil, L. lacunosa Mart. & Schauer and L. rotundifolia Cham. were selected for investigation. Included in the Section Corymbosae, they form a complex of very difficult taxonomic delimitation, and were considered as synonyms in many herbarium samples. 5 They both possess a developed underground system, coriaceous leaves, and corymb inflorescences with pink flowers. They are strongly aromatic due to a dense layer of glandular hairs. Distinction between them is very difficult and is only accomplished by analyses of the leaf (foliar limbus) base morphology and of the floral bracts. 5 However, pollen analysis showed relevant differences 6 and further taxonomic studies led to the classification of these plants as two different species. In this way, chemical studies might contribute as an extra tool to reinforce this delimitation.
The aim of this work was to investigate the chemical composition of the essential oils obtained from flowers and leaves of L. lacunosa and L. rotundifolia. To the best of our knowledge, no previous studies concerning their chemistry have been published.
Experimental

Plant material
Fresh leaves and flowers of L. lacunosa and L. rotundifolia, cultivated, from original clones 4 
Essential oil extraction
The essential oils from fresh leaves and flowers of L. lacunosa and L. rotundifolia were obtained separately by hydrodistillation in a Clevenger-type apparatus for 2 h. The oils were dried over anhydrous sodium sulphate and stored in sealed vials at low temperature.
GC and GC-MS analyses
Gas chromatographic analyses were performed using a HP 5890 series II gas chromatograph (Palo Alto, CA, USA) equipped with a flame ionization detector (FID) detector and a HP-5 (5% phenyl/95% dimethylpolysiloxane) fused silica capillary column (30m × 0.25mm; film thickness 0.25 m). Hydrogen was the carrier gas (1.0 mL min The GC-MS analyses were performed in an Agilent 5973N mass selective detector coupled to an Agilent 6890 gas chromatograph (Palo Alto, CA), equipped with a HP5-MS capillary column (30m × 0.25mm × 0.25µm), operating in electronic ionization mode at 70eV, with transfer line maintained at 260 o C, while quadrupole and ion source temperature were held at 150 o C and 230 o C, respectively. Helium (1.0 mL min -1 ) was used as carrier gas. Oven temperature program, injector temperature and split rate were the same as stated for GC analyses.
A standard solution of n-alkanes (C 7 -C 26 ) was used to obtain the retention indices. 7 Individual volatile components were identified by comparison of their mass spectra (MS) and retention indices (RI) with those reported in literature 
Isolation of myrcenone from L. lacunosa essential oil
Approximately 0.7 mL of L. lacunosa essential oil was submitted to silica gel column chromatography eluted with a mixture of hexane-ethyl acetate (98:2). Seventy five fractions of 1 mL were obtained. Fractions 11-21 afforded 2 mg of pure myrcene as green fluorescent oil. Fractions 59-61 were pooled together to afford 30 mg of pure myrcenone (99% purity by GC). The identity of the myrcenone was confirmed by 1 H and 13 C NMR data measurement on a Bruker Avance DRX400 (Karlsruhe, Germany) at 25 o C, operating at 400.13 MHz for 1 H and 100.61MHz for 13 C NMR spectra were recorded in CDCl 3 using TMS as internal standard. Data were in accordance with those in the literature. 9 
Results and Discussion
The flowers (fluorescent greenish-yellow oil) and leaves (fluorescent light green oil) of L. lacunosa yielded 0.38% and 0.44% of oil, respectively, while the distillation of L. rotundifolia yielded 0.33% and 0.01% of oil, respectively for flowers (light yellow oil) and leaves (light yellow oil). The main compounds (with relative % peak area above 0.1) identified in the essential oils of L. lacunosa and L. rotundifolia are listed in Table 1 . The essential oils from leaves and flowers of L. lacunosa and from the flowers of L. rotundifolia showed a high content of monoterpenes (over 80%) and very low contents of sesquiterpenes.
In the oils of L. lacunosa flowers and leaves, 67 and 57 compounds were detected, respectively. Twenty six compounds were identified in the essential oils from both flowers and leaves of L. lacunosa, of which the major components were myrcene (flowers: 14.7, leaves: 11.9%), myrcenone (flowers: 45.2%, leaves: 64.2%), (Z)-ocimenone (flowers: 5.7%, leaves: 5.2%), and (E)-ocimenone (flowers: 14.7%, leaves: 4.1%), respectively. In the oils of L. rotundifolia 54 (flowers) and 108 (leaves) compounds were detected, while 58 different compounds were identified in both oils. Among them, the most abundant were limonene (flowers: 26.0, leaves: 7.9%) and myrtenal (flowers: 22.3%, leaves: 16.7%), respectively.
The oils from L. rotundifolia contain a variety of monoand sesquiterpenes in amounts below 1%. In the oil from the leaves 51 identified compounds accounted for 88% of the oil, whereas in that obtained from the flowers 41 identified compounds accounted for 97.8% of the oil. A difference between the essential oils from the two plants concerns their yields: L. rotundiflolia leaves essential oil yield (0.01%) is much lower than that of the flowers (0.33%).
The major component of L. lacunosa essential oils, myrcenone, has been described as an important constituent of other Lippia species: L. adoensis 10 8%,) oil, a genus belonging to the Lamiaceae, which is a family taxonomically very close to the Verbenaceae. In this way, the oil from the leaves of L. lacunosa was submitted to column chromatography, to afford pure myrcenone (99% purity by GC), as a yellow fluorescent oil. Its identity was confirmed by comparison of its NMR data with those in literature. 9 By this procedure, myrcene was also separated in its pure form as a green fluorescent oil.
The essential oils of L. lacunosa flowers and leaves exhibited a strong and pleasant mango aroma, the former one being sweeter than the latter, which resembled more the aroma of unripe mangos. That difference may, in part, be due to the myrcene/myrcenone ratio, since both single substances, separated by column chromatography, exhibited mango aroma. In view of these findings we decided to have the essential oil from the leaves evaluated by a panel, involving three analysts from the perfumery company "MANE do Brasil". As a result, the identified notes described in the panel were: tea/fruity (mango) as head notes; fruity/green as heart notes; and vegetal-like as base note. This result corroborates our initial findings, and it is interesting to note that the heart and base notes (green and "vegetal-like") described in the panel are in agreement with our perception of unripe mango aroma (green). A survey on the literature about volatile substances related to the aroma of mango fruits revealed that, in some mango varieties, myrcene plays an important role. Andrade et al. 18 studied the volatiles of 15 Brazilian mango fruit varieties, extracted by simultaneous distillation-extraction followed by GC-MS analysis. They could distinguish between three aroma groups, one of which was rich in myrcene (30.3-57.1%). Also, in another work by MacLeod and Pieris, 19 myrcene and (Z)--ocimene were demonstrated to be characteristic of the aroma of two varieties from India and Sri Lanka. Lopes et al., 20 analysing the aroma of commercial Brazilian mangos by High Resolution Gas Chromatography-Olfatometry-Aroma Extract Dilution Analysis-Mass Spectrometry (HRGC-O-AEDA-MS) reported that myrcene is the main constituent of the varieties Carlota and Coração de Boi, and that it contributes to the "unripe" (green) flavour of the fruit.
The presence of dihydrotagetone, tagetone, as well as (Z)-and (E)-ocimenone in the essential oils of flowers and leaves of L. lacunosa are also noteworthy, as they are the main constituents of Tagetes oil, 21 
N.I. The aroma of the essential oils from L. rotundifolia (flowers and leaves) is somewhat different from those of L. lacunosa. The essential oil from the flowers has a strong and pleasant floral scent, less pronounced in the essential oil from the leaves. Myrtenal, the second major constituent of the flowers oil, and the major one on the leaves oil, is also found in eucalyptus, mint, pepper and cumin seeds essential oils. It is used in perfumery, its odour being described as spicy, with the following odour descriptions: sweet cinnamon, tonka, terpene, camphor and jam, 22 as well as an insecticide 23 (from Myrtus communis L.). This substance is also used by the European grapevine moth (Lobesia botrana) in its chemical communication system. 24 
Conclusions
Although L. lacunosa and L. rotundifolia are considered as synonyms in many herbarium samples, there are marked differences in the composition of their essential oils. The olfactive description of the volatile constituents of both the investigated oils could be included in the herbarium tags of the species, as "floral" for L. rotundifolia, and "mango aroma", for L. lacunosa, being of great help for the differentiation of the species and further botanical classification.
